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Objective: To investigate whether dietary trans fatty acids (TFAs) are incorporated in the hippo-
campus and its effects on the growth and aversive and spatial memories of young rats.
Methods:Wistar rat offspring whose mothers were fed with normolipidic diets containing soybean
oil (soy group) or hydrogenated vegetable oil (trans group) during gestation and lactation were
used. Male and female pups received the same diets as their mothers until the end of behavioral
testing. The composition of fatty acids in the total lipids of the diets and hippocampus was
quantiﬁed by gas chromatography. The results were evaluated by Student’s t test or analysis of
variance followed by the Bonferroni correction.
Results: The trans male and female body weights were higher during lactation and after weaning,
with trans males having the lower body weight of the two. There was incorporation of 0.11% and
0.17% of TFAs in the hippocampi of male and female rats, respectively. During passive avoidance
test, there was no signiﬁcant difference. In the water maze test, there was no signiﬁcant difference
between male groups in the training and retention phases, except on day 4, when there was
a signiﬁcant decrease in latency in trans males. Trans females were worse on day 2 only and
showed an improvement in spatial memory during the probe trial.
Conclusion: The TFAs were incorporated in small amounts in the hippocampus and did not affect
aversive memory. However, spatial memory was modiﬁed in young rats fed with a diet rich in TFAs.
These ﬁndings suggested that, in addition to the TFA content of the diet provided, it is important to
consider the provision of essential fatty acids and the u-6/u-3 ratio.
 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
Dietary trans fatty acids (TFAs) are derived mainly from
hydrogenated vegetable oils [1–4], and its consumption has
dramatically increased during the 20th century owing to food
industrialization [4–6] performed to prolong shelf-life [7].
During gestation, changes in maternal metabolism occur to
supply nutrition to the fetus. Maternal fatty acid (FA) nutrition
during pregnancy and lactation determines the transfer of theesenvolvimento Cientıﬁco
eic¸oamento de Pessoal de
. Souza).
evier OA license.essential fatty acids (EFAs) linoleic acid (LA; u-6) and a-linolenic
acid (u-3) and non-essential TFAs through the placenta and
through human milk [8]. Although lipid transfer through the
placenta is very limited, changes in dietary FAs have implications
in fetal and postnatal central nervous system (CNS) development
[9]. In fact, the EFAs and their longer-chain, more unsaturated
derivatives provide the precursors for eicosanoids (arachidonic
acid, 20:4u-6 [AA]) and are important constituents of cell
membranes, especially those in the brain tissue (docosahex-
aenoic acid, 22:6u-3 [DHA]) [8,10]. The maintenance of appro-
priate concentrations of AA and DHA in the tissues is dependent,
at least in part, on the desaturation and chain elongation of LA
and a-linolenic acid. The enzymes d-6 and d-5-desaturase
required for long-chain polyunsaturated fatty acid (LC-PUFA)
synthesis are strongly suppressed by trans isomers [11–14].
Table 1
Composition of experimental diets
Constituents (g/kg) Soy diet Trans diet
Cornstarch 599.5 599.5
Casein 210 210
Cellulose 50 50
Soybean oil* 70 10
Hydrogenated vegetable oily 0 60
Choline bitartrate 2.5 2.5
L-Cystine 3 3
Vitamin mixz 10 10
Mineral mixx 35 35
Butylated hydroxytoluene 0.014 0.014
* Soybean oil was obtained from Liza/Ind., S~ao Paulo, SP, Brazil.
y Hydrogenated vegetable oil was obtained from Gessy Lever, S~ao Paulo, Brazil.
z Vitamin mix contents (grams per kilogram of diet): thiamin HCl, 0.6; ribo-
ﬂavin, 0.6; pyridoxine HCl, 0.7; niacin, 3.0; calcium pantothenate, 1.60; folic acid,
0.20; biotin, 0.02; vitamin B12, 2.5; vitamin A palmitate (500.0 IU/g), 0.80;
vitamin E acetate (500 IU/g), 15.0; vitamin D3 (400 000 IU/g), 0.25; vitamin K1,
0.75. AIN-93G vitamin mix, DYETS 310025, obtained from Dyets Inc., Bethlehem,
PA, USA.
x Mineral mix provided (grams per kilogram): calcium, 357.0; phosphorus,
250.0; potassium, 74.6; sodium, 74.0; sulfur, 300; magnesium, 24.0; iron, 5.21;
copper, 0.3; manganese, 0.63; zinc, 1.65; chromium, 0.27; iodine, 0.01; selenium,
0.01; boron, 0.08; molybdenum, 0.01; silicon, 1.45; nickel, 0.03; lithium, 0.02;
vanadium, 0.007. AIN-93 mineral mix, DYETS 210025, obtained from Dyets Inc.:
7.0% soy oil [28]; 6.0% partially hydrogenated vegetable oil plus 1% soy oil [28].
Table 2
Fatty acid composition of total lipids in different experimental diets*
Fatty acids Soy diet Trans diet
C12:0 ND 0.57
C14:0 1.34 3.89
C16:0 14.45 13.24
C18:0 3.71 15.34
C21:0 ND 2.39
C23:0 ND 0.94
C24:0 ND 0.18
P
SFAs 19.64 36.55
C14:1 0.37 ND
C18:1 u-9 cis 19.03 19.92
C18:1 u-9 isomer ND 4.82
C20:1 0.52 0.32
C24:1 ND 0.02
P
MUFAs 19.92 25.08
C18:1 trans u-9/u-7 isomers ND 14.12
C18:2 trans u-6 ND 0.69
P
TFAs ND 14.81
C18:2 u-6 cis 55.87 20.75
C22:4 u-6 0.69 ND
P
u-6 PUFAs 56.56 20.75
C18:3 u-3 3.59 2.61
P
u-3 PUFAs 3.59 2.61
P
EFAs 59.46 23.36
C18:2 u-6/C18:3 u-3 15.56 7.95
u-6/u-3 15.75 7.95
MUFAs, monounsaturated fatty acids; ND, not determined; PUFAs, poly-
unsaturated fatty acids; SFAs, saturated fatty acids;
P
EFAs, sum of essential fatty
acids (linoleic and linolenic acids);
P
u-3 PUFAs, sum of linolenic series;
P
u-6
PUFAs, sum of linoleic series; TFAs, trans fatty acids; u-6 þ u-3, sum of linoleic
and linolenic series
* Values are presented as mean  SEM in weight percentage.
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composition. These studies in newborn and suckled piglets and
in rats have demonstrated elevated 22:5u-6 [15–17] and
decreased DHA [15] concentrations in brain phosphatidyl etha-
nolamine as a result of relatively high TFA intakes (28–50% of
total FAs), suggesting that brain LC-PUFAs may be inﬂuenced by
dietary TFAs [18] because of an inhibition of d-6-desaturase [19,
20]. Moreover, TFAs may be incorporated into membrane phos-
pholipids, altering membrane ﬂuidity, biochemical properties,
and cell function [20–22].
Few investigators have examined the effect of dietary TFAs on
memory. In animal studies, spatial learning in the Morris water
maze (MWM) has been assessed inmale and femalemice at 6,16,
and 32 wk of age receiving a TFA diet (28% fat) and monosodium
glutamate incorporated in the drinking water since the begin-
ning of the experiments. This combination leads to an increased
central adiposity and dyslipidemia, in addition to impaired
cognition in the MWM [23]. In humans, a high TFA intake has
been associated with a cognitive decline over 6 y in older
subjects in a longer study [24], mainly when consumed in
aggregationwith copper [25]. Other researchers have shown that
dietary TFAs are not associated with a cognitive decline in rela-
tively healthy elderly women, although a smaller amount of TFA
was offered compared with the studies cited earlier [26].
Therefore, the type and amount of FAs in the diet may alter the
brain membrane lipid composition and systems involved in
cognitive behavior, but the data from scientiﬁc literature are still
inconclusive. Thus, this study was performed to ascertain
whether normolipidic diets providing EFAs, but containing TFAs
during development, are incorporated in the hippocampus and
its effects in growth and the aversive and spatial memories of
young rats.
Materials and methods
Animals, diets, and general procedures
Wistar rats from the colony of the Instituto de Nutric¸~ao at Universidade
Federal do Rio de Janeiro (Brazil) were used. Virgin mature female rats weighing
180 to 220 g were mated with males maintained under standard laboratory
conditions (24  2C and 12-h light/12-h dark cycle). The presence of sperma-
tozoa and/or a copulatory plug in situ was designated as gestational day 0 and, at
this moment, the female rats were divided in two groups according to the diet
employed during pregnancy and lactation. At birth, the litters were culled to
eight pups. Diets were isocaloric and normolipidic, differing only in the fat
source, i.e., a soybean oil group (control) and a hydrogenated/trans fat group
(trans). After weaning (21 d old), the pups received the same diets as their
mothers until the 45th day. The soybean group received a diet containing 7%
soybean oil and the hydrogenated vegetable oil group received 6% partially
hydrogenated vegetable oil plus 1% soy oil. Soybean oil was included in the trans
group to adjust the diet to the EFA requirement. The diet compositions complied
with the American Institute of Nutrition [27,28] recommendation and are pre-
sented in Table 1. The FA composition of the diets is presented in Table 2. Because
FAs can be rapidly oxidized, the diets were prepared as pellets and conditioned in
black bags kept under refrigeration (4C) for a maximum period of 1 wk to
prevent the oxidation of the FAs. Rats had free access to the diet and water
throughout the experimental period. Food consumption was measured daily and
body weight weekly from days 1 to 45 of age. The studies were carried out in
accordance with the guidelines of the committee on the care and use of labo-
ratory animals of the United States National Institutes of Health. The experi-
mental protocols were approved by the committee for the use of experimental
animals by institutions (no. CEUA DFBICB 010), and all efforts were made to
minimize the number of animals used and their discomfort.
Passive avoidance
At 26 d old, the animals were tested using a modiﬁcation of the stepdown
passive avoidance test [29]. The apparatus consisted of a steel box (20  30 cm)
featuring a grid ﬂoor made of steel rods (3 mm in diameter, spaced 1 cm apart),
where a foot shock (0.8 mA/3 s) could be delivered. A rectangular steel platform
(8  20 cm, 15 mm high) was beside the grid ﬂoor. On the ﬁrst day, the animalswere placed in the box for 2 min to explore and become acclimated to the new
environment. After 24 h, on the second day, the rats were placed on the platform
and the latency to step down to the grid ﬂoor with all four paws was measured.
When the rats stepped down, an electric shockwas delivered to the grid ﬂoor and
the rats immediately returned to the platform, where they remained for 10 s.
Animals that did not step down to the platform for a period of 20 s were dis-
carded from the experiment. On the third day (after 24 h), the retention test was
performed using the same procedure and stepdown latencies were measured
(maximum 120 s) and no shock was applied.
Fig. 1. Body weights (grams) of male and female pups during lactation (1–14 d) and
after weaning (21–45 d). Values are presented as mean  SEM of males in the soy
and trans groups (n ¼ 12) and females in the soy and trans groups (n ¼ 13). Different
superscript letters in the same block of columns indicate signiﬁcant differences
from one another on the same day at P < 0.05 as determined by the Bonferroni post
hoc test.
Fig. 2. Passive avoidance. Mean latency to step down to the grid ﬂoor in seconds for
the training trials and for the retention test of the passive avoidance task of males in
the soy and trans groups (n ¼ 12) and females in the soy and trans groups (n ¼ 13).
No signiﬁcant differences between groups were detected according to the Bonfer-
roni post hoc test in training (P ¼ 0.746) and in retention (P ¼ 0.097).
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At 30 d old, spatial memory was evaluated using a modiﬁed version of the
MWM, in which rats learned to escape from the water onto a hidden platform
[30]. The maze consisted of a polypropylene circular receptacle (1.8 m in diam-
eter and 0.5 m high) ﬁlled with cloudy water at room temperature (20–22C).
Animals were challenged to ﬁnd a hidden platform (8 cm in diameter and 18 cm
high) located 1.5 cm belowwater level (19.5 cm) and in the same place during the
entire experiment. The platformwas always positioned 40 cm beyond the rim of
the pool in the center of one quadrant with respect to the distal visual cues.
Swimming patterns were analyzed and the time (seconds) spent by the rats to
ﬁnd the hidden platform was computed and considered the latency.
The test was performed over 4 consecutive days, when rats were gently
placed into the water facing the rim from ﬁve different starting points in the pool
(trials), with the platform kept in the same place and with a 30-min interval
between each trial. The animals had to swim to locate the hidden platform in 120
s (maximum time), where they were allowed to stay for 10 s. If they failed to ﬁnd
the platform, rats were placed on it for 10 s to associate spatial cues of the room
(doors, shelves, cabinets, countertops, and light source). Ten days after the last rat
entered the pool, the animals underwent a probe trial to test their long-term
spatial memory.
Brain FA analyses
On the 45th day, the male and female offspring from each group were
euthanized by decapitation. Brains were quickly removed and weighed, and the
hippocampus was dissected out, excised, snap frozen in liquid nitrogen, and
stored at 70C until processing.
The total lipids were extracted according to the method of Bligh and Dyer
[31]. Hippocampal FAs were chromatographed as methyl esters according to the
method of Lepage and Roy [32]. Analysis was performed on a Perkin-Elmer
Inc.(Wellesley, MA, US) Autosystem XL gas chromatograph equipped with
a ﬂame ionization detector and Turbochrom software (TX, US). The wall column
was coated with 0.20 mm of SP-2560. Hydrogen was used as a carrier gas and
synthetic air as a make-up gas. The split ratio was 1:70. The injection port
temperature was 260C and the detector temperature was 280C. The column
temperaturewas held at 135C for 5 min in a stepwise fashion, reaching a plateau
of 240C. The gas chromatograph was calibrated using a standard mixture of FAs
(Supelco, Sigma, Saint Louis, MO, US). The results were expressed as percentages
of total FAs.
Statistical analysis
Data are presented as mean  standard error of the mean and were analyzed
using t test or one-way analysis of variance followed by the Bonferroni post hoc
test and P  0.05 was considered statistically signiﬁcant.
Results
Food intake, body and brain weights
Animals had free access to food throughout the experiment
and there was no difference in the food intake between the trans
and soy groups (male and female offspring) after the weaning
period (data not shown).
Figure 1 shows that on postnatal days 7 and 14 (lactation
period), male and female pups of the trans group presented
a greater body weight than male and female pups of the control
group. However, on postnatal day 21 (end of lactation period),
therewere no signiﬁcant differences in bodyweight between the
male and female pups of the two groups. In contrast, in the
postweaning period, on postnatal day 45, trans males presented
a lower body weight than soy males (152.3  3.2 versus 168.4 
3.0, respectively).
Therewas no signiﬁcant difference in the total brainweight of
the trans and soy groups (male 1.645  0.028 versus 1.684 
0.037, female 1.605  0.026 versus 1.585  0.020, respectively).
Passive avoidance
The trans males did not differ from the soy males in stepping
down to the grid ﬂoor in preshock trials (training session),showing stepdown latencies of 2.2  2 and 4.0  1.5 s, respec-
tively. Likewise, in the retention test, there was no signiﬁcant
effect in the stepdown latencies, which were 120  0 and 103 
9.5 s in the trans and soy males, respectively. Regarding the trans
females, there was no difference in the training session (3.7 0.5
versus 3.3  0.6 s) and in stepdown latency (110.5  8.3 versus
77.0  26.5) compared with soy females (Fig. 2).Morris water maze
There was a signiﬁcant latency decrease for the soy males on
the second day compared with day 1, from 75.7  7 to 36.4  3.5
s, attaining 22.2 2.5, 21.7  2.4, and 20  2.6 s on days 3, 4, and
14 (probe trial), respectively. Trans males demonstrated an
ability in learning the position of the platform using visual cues
(spatial memory) similarly to the soy males, with latencies of
75.4 5, 35 3.7, 21.3 2,10.7 1.3, and 17.9 1.9 s on days 1, 2,
3, 4, and 14 (probe trial), respectively (Fig. 3A), revealing
a decreased latency to reach the hidden platform on day 4
compared with the soy group (Fig. 3C, trials of day 4). However,
in the probe trial (day 14), the trans males presented a worse
performance compared with day 4 within the same group
(Fig. 3A).
Fig. 3. Morris water maze. Latency to escape from the water to a submerged
platform (A) in the soy (n ¼ 12) and trans (n ¼ 13) male groups and (B) in the soy
(n ¼ 12) and trans (n ¼ 13) female groups. (C) Day 4 trial latencies (seconds) of the
male groups and (D) day 14 trial latencies (seconds) of the female groups. Signiﬁ-
cant difference with *** P  0.001 and * P  0.05 according to the t test comparing
the trans group with the soy group. # Signiﬁcant difference compared with day 4
within the same group (trans), with P ¼ 0.005 according the t test.
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latency decrease on the second day compared with day 1, from
78.83 4.83 to 25.63 2.55 s, reaching a plateau as soon as day 4
compared with day 3 onward (25.42  4.12, 20.95  2.29, and
24.33 1.79 s on days 3, 4, and 14 [probe trial], respectively). Thetrans females showed a gradual decrease in reaching the hidden
platform (85.3  2.5, 55.2  2.7, 26.5  3.9, 14.8  2.2, and 18.25
 2.07 s on days 1, 2, 3, 4, and 14 [probe trial; Fig. 3D, trials of day
14], respectively).
There was a signiﬁcant difference, with a better performance,
in the trans group on day 4 for transmales (Fig. 3C, trials of day 4)
and on day 14 for trans females (Fig. 3D, trials of day 14)
compared with their respective control groups.
Brain FA proﬁle
Table 3 presents the percentage of FAs in the two groups. The
trans males’ hippocampi revealed important changes in FA
proﬁle, mainly by the low incorporation of 0.11% TFAs in this
brain region. The content of LA, the 18:2u-6/18:3u-3 ratio, and
18:2u-6 þ 18:3u-3 were decreased in trans males compared
with soy males. However, there was no signiﬁcant difference in
AA, DHA, the sum of saturated FAs, monounsaturated FAs, u-6,
u-3, and u-6 þ u-3 FAs among groups.
There was an incorporation of 0.17% TFAs in females’ hippo-
campi of the trans group. The compositions of cis-LA, the 18:2u-
6/18:3u-3 ratio, and 18:2u-6 þ 18:3u-3 were decreased in trans
females compared with soy females. However, there was no
signiﬁcant difference in AA, DHA, the sum of saturated FAs,
monounsaturated FAs, u-6, u-3, and u-6 þ u-3 FAs among the
female groups.
Discussion
In the present study, the growth, memory, and hippocampal
FA compositionwere evaluated in the young progeny of rats that
ingested a control diet (soybean oil) or a trans diet (hydrogenated
vegetable oil) through pregnancy and lactation and after
weaning.
The experimental diets differed only in the FA composition;
otherwise, the diets were identical (Table 1). As expected, the
hydrogenated diet produced higher concentrations of total
saturated FAs and 18:1 trans (u-9/u-7 isomers) and a lower
percentage of u-3 and u-6 PUFAs mainly owing to a lower LA
level comparedwith the control diet. However, the trans diet was
not deﬁcient in EFAs (LA and a-linolenic acid) because the levels
of both FAs were above the minimal EFA requirements for rats
[27,28]. EFA deﬁciencies starting prenatally have been reported
to induce growth and developmental deﬁcits and to affect the
LC-PUFA composition of membrane phospholipids in the CNS
[33].None of the diets contained AA and DHA (Table 2), although
a suitable content of AA and DHAwas found in the hippocampi of
the both groups (Table 3).
At 45 d old, the trans males presented lower body weights
than soy males despite no difference in food consumption. It is
important to note that weight loss was observed punctually on
the last day of the experiment, without any change in brain
weight, suggesting mechanisms capable of protecting tissues
such as the brain during nutritional insult, as previously
demonstrated [34,35].
The hippocampal formation is the main brain region associ-
ated with spatial memory [36–39] and FA composition in this
area might be correlated with cognitive and behavioral changes
in rats. In the present study, there was some incorporation of
TFAs into the hippocampi of young rats fed hydrogenated
soybean oil in a normolipidic diet containing TFAs and adjusted
for EFAs [27,28]. Only 0.11% and 0.17% TFA incorporation was in
the hippocampi of male and female rats. Low concentrations of
TFA also have been observed in the brain lipids of rats [15,40–42].
Table 3
Relative fatty acid composition (percentage of total fatty acids) in total lipids of hippocampi of male and female offspring*
Fatty acids Soy males
(n ¼ 5)
Soy females
(n ¼ 5)
Trans males
(n ¼ 5)
Trans females
(n ¼ 7)
P
SFA 48.75  0.86a 48.42  0.47a 51.11  0.97a 49.70  0.98a
P
MUFA 24.68  0.58a 23.43  0.24a 23.30  0.81a 24.18  0.71a
C18:1 u-9 trans 0.00  0.00a 0.00  0.00a 0.11  0.01b 0.17  0.03b
C18:2 trans u-6 ND ND ND ND
18:2 u-6 cis-linoleic 1.34  0.17a 0.87  0.06b 0.47  0.07c 0.41  0.05c
20:4 u-6 AA 9.40  0.70a 9.16  0.22a 9.08  0.62a 9.28  0.30a
P
u-6 PUFAs 12.62  0.36a 11.54  0.35a 11.39  0.71a 11.64  0.37a
18:3 u-3 a-linolenic 0.28  0.02a 0.23  0.00a 0.25  0.02a 0.23  0.01a
20:5 u-3 EPA 1.00  0.10a 0.92  0.06a 1.00  0.03a 0.98  0.06a
22:6 u-3 DHA 11.98  0.22a 12.05  0.20a 11.14  0.37a 11.53  0.29a
P
u-3 PUFAs 13.70  0.11a 13.20  0.03a 13.05  0.53a 13.38  0.34a
18:2u-6/18:3u-3 5.31  0.59a 3.78  0.26a 1.89  0.42b 1.91  0.34b
18:2u-6 þ 18:3u-3 1.62  0.15a 1.10  0.06b 0.72  0.06c 0.64  0.04c
AA/DHA 0.78  0.06a 0.76  0.01a 0.81  0.02a 0.80  0.01a
u-6/u-3 0.92  0.03a 0.87  0.03a 0.87  0.02a 0.87  0.01a
u-6 þ u-3 26.32  1.16a 24.71  0.32a 24.44  1.22a 25.02  0.70a
AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MUFAs, monounsaturated fatty acids; ND, not determined; PUFAs, polyunsaturated fatty
acids; SFAs, saturated fatty acids;
P
EFAs, sum of essential fatty acids (linoleic and linolenic acids);
P
u-3 PUFAs, sum of linolenic series;
P
u-6 PUFAs, sum of linoleic
series; u-6 þ u-3, sum of linoleic and linolenic series
* Values are presented as mean SEM in percentage. Values in the same rowwith different superscript letters are signiﬁcantly different from one another at P< 0.05
as determined by the Bonferroni post hoc test.
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the previous studies because the diets varied in their EFA and TFA
contents. In another study using a normolipidic diet (8% hydro-
genated fat plus 1% soy oil) and therefore similar to the present
study, there was an incorporation of 0.43% and 0.28% TFAs in
total lipids in overall rat brains at 21 and 90 d old, respectively
[43]. However, these investigators did not dissect brain regions
that involve learning and memory processes to investigate the
incorporation of TFAs in these speciﬁc areas. In contrast, low
brain TFA concentrations can have important physiologic effects
when one considers that brain TFAs, in general, are totally absent
from cerebral tissue. According to Cook [44], some TFAs are
oxidized and their labeled carbons redistributed, most of which
are incorporated and remain unaltered in the brain complex lipid
at rates similar to those for their cis-isomers. Therefore, the
developing CNS does not metabolically exclude the TFAs from
membrane lipids, even when present in small quantities in the
diet.
Our results also demonstrate that, despite the low incorpo-
ration of TFA in the hippocampus, the administration of nor-
molipidic diets containing hydrogenated soybean oil, rich in TFAs
and adjusted for EFAs, do not affect the levels of LC-PUFAs of the
rat hippocampus. Compared with the control animals, the trans
group presented lower hippocampal percentages of LA, 18:2u-6/
18:3u-3, and 18:2u-6þ 18:3u-3, with no change in levels of DHA
and AA, which are considered the most important LC-PUFAs for
brain development [45,46]. This suggests that, although
LC-PUFAS were not present in the trans diet, the levels of these
FAs in the hippocampi of these animals were similar to those in
the control group, indicating that 20:4u-6 and 22:6u-3 were
efﬁciently synthesized from 18:2u-6 and 18:3u-3, respectively,
in the liver and, possibly, in the brain itself. These results may
indicate that the levels of TFA in the diet were not enough to alter
the activity of the desaturases. Furthermore, we suggest that the
addition of soybean oil (rich in EFAs) in the hydrogenated fat diet
failed to exacerbate alterations in the brain LC-PUFA induced by
the TFA. According to Kurata and Privett [13], these inhibitory
effects of TFA on the desaturases do not occur if the amount of
dietary EFAs is suitable, which is consistent with the present
study.In addition, the effects of dietary TFAs on learning and
memory processes associated with the hippocampal FA distri-
bution in young rats was initially evaluated by an inhibitory
avoidance test, an aversive task widely used to compare the
latency to step down the platform in the training and test
sessions. Male and female rats fed with TFAs did not show any
deﬁcit in aversive memory. We speculate that this could be due
to the lower incorporation of TFAs in the hippocampus, where
the amount was not enough to affect its structure and function.
Likewise, Naqvi et al. [26] veriﬁed that an intake of 3.45 g of TFA
per day was not associated with a cognitive decline in healthy
elderly women.
Spatial memory in the MWM was assessed and it was
possible to observe that the animals of both groups were able to
learn and memorize (acquisition and consolidation) the infor-
mation for the MWM, because during the training phase, the
escape latency gradually decreased, except for soy females,
which met one plateau sooner than the other group on the
second day of the test. Mice treated with TFAs have been
observed to commit fewer errors during the acquisition phase in
the T-maze. It is important to note that the T-maze test uses
different paradigms that take into account only acquisition and
reversal learning [47], whereas the present work investigated
spatial learning. It was also observed that during the information
acquisition processing, the trans males (day 4) were better than
the soymales and trans females were better than the soy females
(day 14). The association between lower latency and better
performance in the spatial memory test could be attributed to
the swimming speed, because a lighter animal will have a faster
swimming speed [48]. In the present study, swimming speed
was not measured. However, because the trans females and
males on the 35 and 42th days had the same body weight as the
soy females and males, it is not possible to conﬁrm this
hypothesis. It is a subject for future investigations in this
experimental model.
There was no signiﬁcant difference between the trans and soy
males on day 14, showing that, although the transmales showed
a worse performance in relation to himself, there was no wors-
ening in long-term spatial memory compared with the control
group. Inwork by Collison et al. [23], TFAs promoted impairment
A. S. Souza et al. / Nutrition 28 (2012) 458–464 463in spatial learning only in mice that received injections of
monosodium glutamate in the neonatal period. Thus, in the
present study, we found a similar behavior in aversive memory
(passive avoidance) between the trans and soy groups and
a small improvement in spatial memory (MWM) in animals
receiving a TFA diet compared with the control group. Moreover,
we observed suitable AA and DHA levels associated with lower
levels of TFAs in the brain hippocampi of young rats fed the trans
diet, with a u-6/u-3 ratio in the diet within the recommenda-
tions (10:1), probably owing to the addition of soybean oil in this
normolipidic diet. Thus, the contribution of EFAs and the u-6/u-
3 ratio cannot be ruled out because it may contribute to a variety
of CNS alterations. In particular, it inﬂuences many aspects of
serotoninergic and catecholaminergic neurotransmissions [14]
interfering with cognitive response performance. All these
results as a whole allow us to suggest that it could have
contributed to the suitable memory formation process in the
trans group.
Furthermore, S. Mioranzza, M. L. S. Perry, and L. O. Porciuncula
(unpublished doctoral thesis) demonstrated that rats treated
with a trans-rich diet from the intrauterine period to 60 d old
presented a smaller number of adenosine A1 receptors in the
hippocampus in adult life and did not ﬁnd any impairment in
long-term memory in aversive and non-aversive memory tasks
compared with a soy group. It seems that decreasing adenosine
A1 receptors may play a role in the neuroprotection process [49].
This mechanism could partly explain the improvement in spatial
memory in animals that received a TFA diet. Although additional
studies are needed to fully understand these small differences in
the spatial memory of young rats, we cannot rule out the
possibility that metabolic processes adapt themselves to changes
in the dietary components in a speciﬁc period of life to facilitate
the aggregation of DHA and AA in membrane phospholipids,
which is beneﬁcial for the developing brain.Conclusion
The present study demonstrates that the intake of normoli-
pidic diets containing hydrogenated soybean oil, rich in TFAs and
adjusted for EFAs, promoted the incorporation of lower TFA
levels in the hippocampi of male and female offspring and did
not impair the cognitive behavior of animals in aversive and
spatial memories. In addition, the normolipidic TFA diets did not
affect the levels of LC-PUFAs in the rat hippocampus. The inclu-
sion of soybean oil in the diet of the trans group to adjust the EFA
requirement also may have contributed to an adequate u-6/u-3
ratio in the diet, which could have favored a sufﬁcient AA and
DHA status for optimal brain development and function. We do
not rule out the possibility of the inﬂuence of the physiologic
mechanisms (serotoninergic, catecholaminergic neurotransmis-
sion and adenosine signaling) working to ensure that the brain
acquires DHA regardless of its status in the diet.References
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